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BULLETIN 


OF THE 


AMERICAN PHYSICAL SOCIETY 
NEW YORK MEETING, FEBRUARY 24-25, 1928 


JOINT MEETING WITH THE OPTICAL SOCIETY 
OF AMERICA 


The 149th regular meeting of the American Physical Society will be held in New York 
City on February 24-25, 1928, as a joint meeting with the Optical Society of America. The 
sessions on Friday and the session on Saturday afternoon will be held at Columbia University 
in the Physics Laboratories, on 120th Street east of Broadway (entrance at 119th Street and 
Broadway). The Saturday morning session will be held at the Bell Telephone Laboratories, 
55 Bethune Street, New York City. (See map and directions on the following pages.) 


Optical Society. On Friday morning and afternoon there will be sessions 
of the Optical Society for the reading of papers in Room 328, Physics 
Laboratories, Columbia University. On Friday evening there will be a 
special session at 8 P.M, in Room 301, Physics Laboratories, the program to 
consist of two addresses by invitation; (1) by Dr. W. F. G. SwANn of the 
Bartol Research Foundation on “Recent Theories of the Atom”; (2) by 
PROFESSOR ALEXANDER KLEMIN of New York University, who will demon- 
strate the Baron Sheba fast moving pictures. 

Joint Session. On Saturday morning there will be a joint session of the 
Physical Society and of the Optical Society in the auditorium of the Bell 
Telephone Laboratories, 55 Bethune Street, New York City. In the half 
hour preceding the opening of the meeting of the Societies there will be a 
demonstration of talking motion pictures showing the Vitaphone and Movie- 
tone and thus illustrating the synchronized recording and projection of sound 
from phonograph records and from films. 

The program will begin with the reading of papers from the program of 
the Physical Society. The concluding item, from the program of the Optical 
Society, will be a demonstration of Television by Dr. H. E. IvEs, with an 
opportunity to see both transmitting and receiving equipment in operation. 

Because of the limited capacity of the auditorium it is necessary to limit this 
session to members of the Societies and guests accompanied by members. So 
that others than:-members or guests may be excluded some identification is destr- 
able; this program will be sufficient identification for any member and his 
guest. 

Physical Society. On Friday afternoon a session for the reading of papers 
will be held by the Physical Society in Room 301, Physics Laboratories, 
Columbia University. On Saturday afternoon the Society will meet in two 
sections in Rooms 301 and 328, Physics Laboratories. 
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Luncheon and Dinner. On Friday luncheon and dinner may be had at the 
Men’s Faculty Club (corner 117th Street and Morningside Drive). Further 
announcement will be made at the Friday sessions. 

On Saturday, luncheon may be had at the restaurant in the Bell Tele- 
phone Laboratories between 12:30 and 1:30 o’clock. 

Abstracts. Titles and abstracts of papers to be presented are given in the 
following pages. These abstracts have not been corrected by the authors. 
After correction the abstracts of the Physical Society papers will be published 
in the Physical Review, and of the Optical Society papers in the Journal of 
the Optical Society of America. Authors should send corrections to the 
editors of the respective journals. 

HAROLD W. WEBB, Secretary, American Physical Society 
Columbia University, New York, N.Y. 
February 11, 1928. 


CALENDAR 


All sessions except that on Saturday morning will be held in the Physics 
Laboratories, Columbia University. 


Friday morning: 10 o’clock; Room 328: Optical Society 
Papers 1-4 
Friday afternoon: 2 o’clock; Room 301: Physical Society 


Papers 1-11 
2:15 o’clock; Room 328: Optical Society 
Papers 5-9 
Friday evening: 8 o’clock; Room 301: Optical Society. 
Invited papers by Dr. 
W. F. G. SwANnn and 
PROFESSOR ALEXANDER 
KLEMIN. 
Saturday morning: Joint session of the two Societies: Auditorium, Bell 
Telephone Laboratories, 55 Bethune Street. 
9:40-10:10 Demonstration of talking motion 


pictures 

10:10-11:30 Papers 12-17 Physical Society pro- 
gram. 

11:30-12:30 Demonstration of Television by 
Dr. H. E. Ives. 


Saturday afternoon: at Columbia University. 
2 o'clock; Room 301: Physical Society 
Papers 18-28 
Room 308; Physical Society 
Papers 29-39. 


Other meetings of the Physical Society during the current season are as follows: 
150. Pacific Coast Section—March 3, 1928. Berkeley. 
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. April 20-21, 1928. Washington. 
152. Pacific Coast Section. Pomona. 
153. November 30-December 1, 1928. Minneapolis. 
154. New York City. Annual Meeting. 
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Bell Telephone Laboratories may be reached from uptown or downtown New York by the 
Seventh Avenue subway or the Ninth Avenue elevated lines. The way from Jersey is by the 
Lackawanna ferry or Hudson Tubes to Christopher Street. The routes from the transit line 

stations to the Laboratories are shown on the map. 
j To reach Columbia University from the Bell Telephone Laboratories, take subway at 
14th Street and Seventh Avenue. Take “Uptown” express marked “Van Cortlandt Park” to 
116th Street and Broadway. The entrance to the Physics Laboratories is at 119th Street and 
Broadway. 








PROGRAM 


FRIDAY MORNING AT 10 O’CLOCK : 
Room 328 Physics Laboratories, Columbia University. 
Session of 

THE OPTICAL SOCIETY OF AMERICA 
4 
OFFICERS 


President, 1. G. Priest, Bureau of Standards. 

Vice-President, L. A. JONES, Eastman Kodak Co. 

Secretary, C. C. BIDWELL, Lehigh University. 

Treasurer, ADOLPH Loms, Bausch & Lomb Optical Co. 

Council: Consists of the above officers. P. D. Foote, F. K. Richtmyer, 
W. E. Forsythe, L. R. Ingersoll, P. E. Klopsteg, W. F. Meggers, A. H. 
Pfund. 
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ABSTRACTS OF PAPERS 


1. Wm. G. Exton, M.D. Laboratory of the Prudential Insurance Company of America 
THE SCOPOMETER: AN INSTRUMENT FOR MEASUREMENT AND 
ANALYSIS OF DISPERSIONS 


Of several papers previously presented to the Society dealing with experiments in measuring 
turbidity, the last one (October, 1927) described an improved extinction method which, 
besides other advantages, gives values noticeably different from those obtained by diffuse 
density methods and nephelometry. These differences and an apparent change in opacity 
observed in some specimens when they are measured by different light effects point to a selec- 
tivity of light effect on the separate structural variables contributing to a turbidity. Thus 
particle size, shape, number, etc., seem each to be more sensitive to some and relatively in- 
sensitive to other light effects, and the possibilities of deriving information about dispersions 
by measuring the same sample by several different light effects, or optical methods, and 
correlating the results, seems not to have been hitherto appreciated. The present paper 
describes an instrument called the Scopometer which is designed to enable one to make ex- 
tinction and photometric measurements rapidly and without disturbing the sample. Some 
applications of scopometry with illustrative data are suggested. 

The present paper will appear in fullin Jour. Am. Chem. Soc. 20 min 


2. Raymond Davis and K. S. Gibson Bureau of Standards 


FILTERS FOR THE REPRODUCTION OF SUNLIGHT AND THE DETERMINATION 
oF Cotor TEMPERATURE 

Partial reports (cf. below) have previously been given. The investigation is now prac- 
tically completed and may be outlined as follows: 

For use in photographic sensitometry and colorimetry, a series of filters has been developed 
by which the spectral distribution of a Planckian radiator at any temperature from 2300° 
to 4000°K may be converted into a practical duplication of the spectral distribution of mean 
Washington noon sunlight. 

By designing these filters so that they all give an exact color match with the adopted 
mean sunlight, in addition to a close energy match, they may also be used to calibrate the 
intensity and color temperature of any incandescentflamp above 2300°K, thus avoiding the 
troubles of heterochromatic photometry. 
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A second series of filters has been developed for converting the color of a Planckian radiator 
at 2848°K to that of any Planckian radiator between 3500° and 10,000°K. 
Each filter consists of a two-compartment cell (three borosilicate crown glass plates), one 


- compartment containing an aqueous pyridine-mannite solution of copper sulphate, the other 


an acidified aqueous solution of copper sulphate and cobalt ammonium sulphate. Each 
solution is one centimeter in thickness. The filters are all reproducible from specification and 
may be prepared in any laboratory. 

Computations of the light transmission, in addition to the spectral distribution and color, 
have been made for all filters. The effect of variation of temperature has been investigated, 
and the permanence of the solutions tested over a year’s time. These and other effects will 
be illustrated, and several direct experimental checks on the completed filters discussed. 
Bibliography 

Davis and Gibson, J.0.S.A. & R.S.L., 14, p. 135; February 1927. 


Davis and Gibson, Phys. Rev. (2), 29, p. 916; June 1927. 
Report of O.S.A. Committee on the Unit of Photographic Intensity, J.O.S.A. & R.S.I., 12, pp. 570-75; 


June 1926. 
The present paper will appear in full in B. S. Scientific Paper. 30 min. 
3. H. J. Reich (Introduced by F. Bedell) Cornell University 


THE PHOTO-ELECTRIC EFFECT IN GLOW-DISCHARGE TUBES 


The purpose of this investigation was a study of the change of discharge voltage of glow- 
discharge tubes with illumination, first described by Oschwald and Tarrant in The Proceedings 
of The Physical Society of London in 1924. The tubes used were of German manufacture and 
consisted of two glass bulbs about one centimeter in diameter, joined by a half centimeter 
tube two centimeters long, filled with either neon or helium. The electrodes were small pieces 
of aluminum fused to glass projections within the bulbs. Because of the change of character- 
istics as soon as a single sustained discharge took place after a period of rest, the discharge 
was made to occur periodically at a frequency of from 30 to 120 cycles. This was accomplished 
by shunting the tube with a small condenser, charged from B-batteries through the resistance 
of a saturated vacuum tube, and discharged periodically through the glow tube as soon as 
the potential became equal to the flash voltage of the tube. The tube was illuminated by 
monochromatic light of variable frequency and known intensity, and the change of discharge 
voltage was measured by means of a vacuum-tube voltmeter. 

The experiments indicate: 

(1) That the phenomenon is a photo-electric effect caused by small amounts of alkali 
metals in the electrodes and glass (disclosed by later examination). 

(2) That there is no definite relation between the magnitude of the effect and the portion 
of the tube illuminated. 

(3) That the change of voltage per unit of light intensity decreases with increase of light 
intensity or discharge frequency, probably because of the holding over of ionization between 


discharges. 
The paper will appear in full in J.0.S.A. & R.S.L. 20 min. 
4. Christine Ladd-Franklin Columbia University 


ALTERNATIVE THEORIES TO ACCOUNT FOR THE REDDISH BLUE ARCS AND THE 
REDDISH BLUE GLOW OF THE RETINA 

This phenomenon has already been shown at meetings of the Optical Society; my whole 
audience, sitting in a dark room, with a band of red light on a screen, sees not only the red 
band of light but also (2) a reddish blue glow around it, and, stretching out from it on both 
sides, (1) big blue arcs—the bigger the farther away one sits. (This shows that it is an entoptic 
phenomenon—one is “seeing” (1) certain optic nerve fibers which lie on the surface of the 
retina and (2) certain bipolar cells which surround the image of the red band. 

It has been suggested, by Gertz and others, that this is due to 

A. An excitation caused by the action of the red-band-stimulated fibers on (1) adjoining 
fibers, (2) ganglia, (3) rods and cones. 

But it may also be due to (and this is my theory) 
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B. The action of emitted light on the light-sensitive substance in the rods and cones. 

A (3) is a theory lately proposed by Dr. Hallowell Davis (Science, Jan. 20, 1928), who 
recognizes the impossibility of all the preceding hypotheses. A (1): It cannot be fibers that are 
involved, because fibers, coming from one knows not where, would not have the right “‘place- 
coefficients” (if, your leg being cut off at the knee, you pinch a nerve end, you get a sensation, 
not where you pinch, but in the toe or the heel). A (2): It cannot be ganglia, because the 
existence of an after-image proves that the light-sensitive substance in the rods and cones 
(the Sehstoff) must be involved. But it cannot be A (3) the action current that affects them, 
because a quite similar electric current (which also causes visual sensations when sent in from 
the outside) is followed by no residual image. Consequently, it can only be by /ight (and this 
is my theory) that this Sehstoff is affected. 

The argument involved in this is so complicated, and at the same time so definite, that it 
might well be preserved as a classical case of scientific reasoning. 


FRIDAY AFTERNOON AT 2:15 O'CLOCK 


Session of the Optical Society 


20 min 


Room 328 Physics Laboratories, Columbia University. 


5. Elmer A. Harrington Bureau of Standards 
A NEw REGISTERING PHOTODENSITOMETER 


A direct-reading, self-recording densitometer with single thermocouple and low-resistance 
D’Arsonval galvanometer has been constructed and used to measure the relative opacities of 
the photographic images of the lines in ordinary spectra and in x-ray powder photographs. 
By suitable gearing to an electric motor the photographic negative is given a slow motion at 
right angles to a beam of light passing through a horizontal lens system; and at the same time 
a drum carrying photographic paper, on which a spot of light from the galvanometer is focused, 
is caused by the same motor to rotate at such a rate that a certain distance on the drum 
corresponds to a certain distance on the negative. A permanent record of the true distribution 
of opacities is thus obtained, since the deflections of the galvanometer are inversely propor- 
tional to the opacities on the negative. 

Preliminary experiments show that the apparatus is dead beat and quick in response; 
and that it is sensitive, stable, and accurate. 

The paper will appear in full in J.0.S.A. & R.S.I. 15 min 


6. H. J. McNicholas Bureau of Standards 
EQUIPMENT FOR ROUTINE SPECTRAL TRANSMISSION AND REFLECTION MEASUREMENTS 


This paper gives a description of an assembly of apparatus which has been in use at the 
Bureau of Standards since August, 1924, for routine spectral transmission and reflection 
measurements. The Koenig-Martens spectrophotometer is used with different light sources, 
each source being designed especially to meet the desired conditions of illumination on the 
sample in the measurement of the following quantities as function of wave length: 

(1) The unidirectional normal transmission of optically homogeneous (non-scattering) 
materials in the form of a plate with plane parallel surfaces. 

(2) The normal brightness of a sample by reflected light, relative to the same for a standard 
material, when both sample and standard are under equal, and completely diffused, illumi- 
nations. 

The sources for transmission measurements are three separate white-lined enclosures, 
each just large enough to contain, respectively, two 400-watt gas-filled incandescent lamps, 
two helium lamps, and a quartz mercury-vapor lamp. These sources are conveniently and 
quickly interchangeable. 

A uniform distribution of 156 small gas-filled incandescent lamps on a white diffusely 
reflecting hemispherical surface provides a source of illumination for reflection measurements 
which tests have shown to be equivalent (for practical purposes) to the desired ideal completely 
diffused condition. 
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Accessory equipment includes ventilation apparatus, convenient devices for handling the 
transmission and reflection samples, standard sectored discs for use with the spectrophoto- 
meter, and apparatus for temperature control of liquid transmission samples. 

The theory of the Koenig-Martens spectrophotometer is given, along with a discussion of 
some possible sources of error in the spectrophotometric measurements. Tests of the accuracy 
in the measurement of the specified quantities are described. 

The present paper will appear in full in B. S. Scientific Paper. 20 min. 


7. F. E. Wright Geophysical Laboratory 


THE SOLUTION OF PROBLEMS IN ELLIPTICALLY POLARIZED LIGHT WITH THE 
AID OF A SPHERICAL PROJECTION CHART 


Poincaré showed in 1892 how the relations in elliptically polarized light can be solved 
graphically by reference to a sphere or to a stereographic projection. His method has been 
successfully applied by a number of workers in this field. It has been found by the writer 
that the use of a specially prepared angle or stereographic projection chart as a base greatly 
facilitates the graphical solutions, provided that a method of approach is adopted that differs 
somewhat from the usual methods. A brief description of this method as applied to the 
derivation of the projection equations and to the solution of problems in elliptic vibrations is 


presented. 
The paper will appear in full in the J.0.S.A. & R.S.I 15 min. 
8. George B. Welch (Introduced by Ernest Merritt) Cornell University 


THE NUMBER OF DISCRIMINABLE COLORS 


Using the Titchener-Ebbinghaus color pyramid as the psychological color solid and the 
experimental results of Konig, Geissler, and Jones on brilliance, saturation, and hue, certain 
simplifying assumptions are made and the total number of discriminable colors is computed. 
The result is slightly over two millions. 

The present paper will appear in full in J.0.S.A. & R.S.I. 15 min. 


9. Richard Hamer, Charles Lithgow & C. J. Cardin Pittsburgh, Penna. 


INVESTIGATION OF ARCING POTENTIALS OF MERCURY VAPOR ILLUMINATED BY 
FULL ULTRA-VIOLET RADIATION OF ANOTHER ARC 


This experiment was devised in an attempt to determine the relative importance of the 
radiation factor in arcing vapors. A horizontal pyrex tube 3 cm. diam. and 150 cms. long was 
built up with two arcing chambers one at each end connected with mercury reservoirs below. 
By means of an inner projecting tube and two reservoirs an intense mercury arc could be 
struck at one end, thus directing a beam of extreme ultra-violet radiation down the long tube. 
The other end was expanded into a bulb enclosing an iron disc electrode below surrounded by 
mercury with a tungsten filament above it suspended from a ground joint. An electric furnace 
surrounded the bulb. There was no obstruction whatever in the long connecting tube but 
two cold water condensers between prevented mercury vapor passing over from the arc o 
the other region. 

The potentials necessary for striking and maintaining an arc were determined first without 
and then with the intervening vapor between filament and positive electrode illuminated by 
the full ultra-violet radiation from the other arc. No marked effect was observed especially 
when a ballistic galvanometer was used for measuring the plate current. With higher tem- 
peratures and lower striking potentials occasionally there seemed indications of a reduction 
of about two volts. Even exposing the iron electrode or the tungsten filament to the radiati 
had no very appreciable effect in this preliminary work but permitting ions to drift over 
usually caused an arc to strike at once. 

The bearing of these observations on the theory of arc formation and maintenace is briefly 
discussed. Evidently ultra-violet light quanta are somewhat inefficient as ionizing agents or 


else they do not readily penetrate the two boundaries of condensing mercury vapor. 
20 min. 
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FRIDAY AFTERNOON AT 2 O’CLOCK 


Session of the Physical Society 


Room 301, Physics Laboratories. 


1. Line structure. D. G. BourGin, University of Illinois——The author's previously 
published data for the HCl fundamental band lines has been approximated by line patterns 
of (a) a Doppler broadening type or (b) a Stark effect broadened line (admitting a molecular 
force field) or (c) a Lorentz interrupted absorption type. The modifications attendant on 
recognition of the isotopic structure are predictable from the calculations for an infinitely 
separated doublet structure. The component line breadth is about 10° frequency units for a 
class (c) line. Certain considerations make it improbable that the Stark or Doppler effects 
are determining influences here. The criterion dp(17)/dr >qo is suggested. Our results fail to 
satisfy this condition by amounts within the precision limits of the measurements; if the 
failure were real it might be ascribed to inadequacy of the line patterns investigated or to 
incorrectness of the formulae or physical constants used in calculating dp(ro) /dr. 

Badger’s data on the rotational spectrum of HC! has been studied on the assumption of a 
“coupling,” pressure line broadening. The value Sy w(arydr =1.310~ is in better agreement with 
theory than Badger’s estimate of 1.1 10-* but the discrepancy is still excessive and indicates 
the necessity for further experiment. 


2. Quantum analysis of the beryllium oxide bands. Jenny E. Rosentuar and F.A. 
Jenkins. New York University.—The three prominent sequences of BeO bands in the blue- 
green, blue, and violet have been photographed in the first and second orders of the 21-foot 
grating at Harvard University. The source was a carbon arc cored with potassium beryllium 
fluoride. Resolution of the bands is complete except for about five lines at the head. Each 
band has a P and an R branch, the lines of which remain strictly single as far as they are ob- 
served (to about j=70). A perturbation occurs in the state m’=1, j’=50, the result being 
merely a displacement of the corresponding line by 0.45 cm toward lower frequencies, 
with no sign of doubling. Combination relations between R and P lines are found to hold, and 
the resulting values of A:F may be represented by 4B7, where T is half-integral. There is 
probably but one missing line at the origin and no evidence is found of weak Q branches. 
According to these results, the bands may be interpreted as due to a 'S-'S electron transition. 
The combination relations show that the band at \4078.64 is the (0, 0) band. Preliminary values 
for the constants in the equation B =h/8x°J,)—an are: I)’ =17.65 X10~* gm. cm.2, Ip'’ = 16.85 
X10", a’ =0.0165, a’ =0.0187. The internuclear distance of BeO in the final state (probably 
the normal state) is therefore 1.33 X 10-8 cm. 


3. The heat of dissociation of Na2x. F.W. Loomis. New York University.—From the 
writer’s formula (Phys. Rev. 27, 607, (1927)) for the vibrational terms in the blue-green band 
system of Nap, the heat of dissociation of the normal molecule is calculated, by the method of 
Birge and Sponer, to be 1.0+0.1 volts. It is also shown that the dissociation energy of the mole- 
cule in the upper level of this band system is 0.6 volt and that this upper level molecule dis- 
sociates into one normal atom and one atom in a 3*P state, whereas the lower level molecule 
dissociates into two normal atoms. By combining the above results with those calculated 
from the formula of Fredrickson and Watson (Phys. Rev. 30, 429, (1927)) for the red band 
system, it is shown that this system has the same lower state as the green system and that its 
upper state also dissociates into one 3*P and one normal atom, but with an energy of dissocia- 
tion of 1.25 volt. 


4. Optically excited iodine bands with alternate missing lines. By R. W. Woop, Johns 
Hopkins University, and F. W. Loomis, New York University.—The iodine fluorescent bands 
which develop around the fundamental doublets when iodine is in the presence of helium 
have been studied with higher resolution than heretofore. They are found to contain only 
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alternate lines of the corresponding absorption bands, namely, those for which m’ iseven. Now 
the fluorescent bands are known to be developed by collisions of the second kind between 
excited, iodine molecules and helium atoms, where in m’ is changed from 34, the value originally 
excited to various neighboring values. The new data, then, show that the rotational quantum 
number of an iodine molecule can only change by an even number during a collision of the 
second kind in which the electronic quantum number does not change. This result is entirely 
in accord with the new mechanics, which, according to Hund, attributes to the successive 
rotational states of a symmetrical molecule, such as J2, eigen-functions which are alternately 
symmetric and anti-symmetric in the two nuclei; and which requires that transitions between 
symmetric and anti-symmetric states shall be very rare. So rare that, on Dennison’s successful 
theory of the specific heat of hydrogen, they do not occur, even during the time it takes to 
measure the specific heat. 


5. Electron states in diatomic molecules. Rospert S. MULLIKEN, New York University, 
Washington Square College.—Applying Hund’s recent theories, and developing suggestions of 
Hund and the writer, the ordinary physical and chemical properties of diatomic molecules 
can be accounted for by assigning a quantum state for each electron, and energies of removal 
(ionization) for each state. The assignments below are probably in the main correct; the order 
in which the symbols is given is always that of increasing ease of removal. The two 1s and two 
2s electrons represent K electrons of the separated atoms, essentially unchanged except in 
formal quantum number. Outer electrons are mostly much more firmly bound than the same 
quantum numbers would indicate for an atom; e.g. the 4s shell of N: (ionization potential 17 
volts) is comparable energetically with the 1s shell of He. Assignments: Normal LiF, BeO, 
(1s)?(2s)?(3s)2(2p)*; normal BeF, BO, CO*, CN, Ne*, (1s)?(2s)*(3s)*(2p)*(4s); excited BO, etc., 
(1s)?(2s)*(3s)2(2p)5(4s)?; normal CO, Ne, CN~, (1s)?(2s)*(3s)?(2p)*(4s)*; excited CO, Na, 
(1s)?(2s)2(3s)2(2p)*(4s)(x) and (or?) (1s)?(2s)*(3s)2(2p)5(4s)*(y), x and y variable; NO and O,*, 
(1s)?(2s)*(3s)?(4s)*(2p)*(x), with (x) =(3p) for normal state; normal O, and Fs, (1s)*(2s)?(3s)? 
(4s)?(2p)*(3p)" with perhaps x =y=4 for O, and 5 for F:. Similarly for analogous higher 
molecules. The assignments are based mainly on spectroscopic and ionization potential data. 


6. A new determination by a photographic method of the water absorption band at 9727 
angstroms. J. E. Lamsiy, Cornell University.—A precise determination of the water ab- 
sorption band in the near infra-red has been made and found to be located at 9727 Angstroms, 
for atemperature of 22°C. This result, which is the average of three independent determinations, 
checks with that of Collins (Phys. Rev. 26, 771, (1925)) at 9740A. Photographic records of 
spectral intensity from an incandescent lamp, with and without absorption, were made on 
red sensitive neocyanine plates, hypersensitized with ammonia. Density measurements were 
made with a photo-electric densitometer, and ratios computed to determine absorption peaks. 
Care was taken to measure these accurately. Long exposures through heavy filters and a slit 
of only 40 Angstroms were made. Results were consistent. The average should be accurate 
to 10 or 12 Angstroms, every precaution having been taken to give the utmost accuracy, both 
in making the exposures and measuring the plates. Consequently, the result should be consider- 
ably more accurate than previous results. 


7. The molecular structures of methane. JARED KirTLAND Morse, University of Chicago. 
—The same concepts which were so useful in determining the molecular and lattice structures 
for ethane (Proc. Nat. Acad. Sci. Jan., 1928) are here used to construct molecular models for 
methane and the moments of inertia computed from these structures are compared with those 
obtained by Cooley (Atrophys. J. 62, 73 (1925)) from the analysis of the infra-red absorption 
bands. These moments of inertia are found to agree with experiment within the limit of ex- 
perimental error. Two types of molecules are differentiated, one having a“single electron bond” 
between the carbon and hydrogen nuclei, the other having two electrons forming this bond. 
In each of these types, eight “hydrogen positions” are possible, since there are only four hydro- 
gen nuclei available in the molecule. A certain finite number of “dynamic isomers” can be 
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formed determined by the number of ways four nuclei are distributed among the eight positions. 
The band observed at 7.74 is due to a symmetrical tetrahedral methane molecule having a 
“single electron” bond between the hydrogen and carbon nuclei. The band at 3.31u is due toa 
symmetrical molecule having a “two electron” bond between them. The weak band at 3.5u 
is due to an unsymmetrical “dynamic isomer” of methane with “two electron” bonds. 


8. The absorption bands of some hydrocarbons between 1.0u and .7u. JAMES BARNES, 
Bryn Mawr College.—This paper is a continuation of abstract (Phys. Rev. 29, 922 (1927)). 
In this region of the spectrum liquid pentane, decane, and tetradecane have each two strong 
absorption bands which are doublets and their wave-lengths have been measured to an accuracy 
of .0024. Their frequencies have lower values than the corresponding bands of the aromatic 
series and also decrease as the mass of the molecule becomes larger. Their frequency differences 
are 7 and 8 X10" sec™ for the longer and shorter wave-length bands respectively. The shorter 
wave-length component of all these doublets has the stronger intensity. The densitometer 
graphs give their relative intensities as 4 to 3 approximately. In addition to the above these 
substances have weak single bands at .81u and .97u. The strong absorption at .874u of benzene 
and at .877u of toluene have also been resolved into doublets. Their frequency differences are 
the same, 3 X10" sec“, within the limit of error. 


9. Certain multiplets in the spectra of cadmium III and indium IV. R. C. Gisss and 
H. E. Waite, Cornell University —Guided by the transitions from *PD’F, 'PD'F, (4d°5p) 
to *D, 'D (4d%5s), already determined for Pd I and Ag II, (data furnished to the authors by 
A. G. Shenstone in advance of publication), the corresponding lines have been identified in 
the spectra of Cd III and In IV. The transitions from *D,’, *P; and 'P;(4d°5p) to 'S)(4d"*), 
the latter being the lowest level in each of these spectra, have also been identified for Ag II, 
Cd III, and In IV. These combinations account for nearly all of the strong lines in each spec- 
trum. The term values for the four iso-electronic systems Pd I, Ag II, Cd III, and In IV, 
together with those for the corresponding elements in the first long period, have been plotted 
on a Mosely diagram which brings out certain similarities and variations between these two 
sets of spectra. The validity of the irregular doublet law is again confirmed by the almost con- 
stant shift in the corresponding radiated frequencies (4d°5s—4d°5p) on passing in succession 
from Pd I to Ag II, to Cd III, and to In IV. 


10. The spark spectrum of silver (Ag II). A. G. SHENSTONE, Princeton University.— 
The spark spectrum of silver can be based on a set of terms as follows:- Sp from the structure 
4d"; 3D, 'D from 4d°5s; *P and 'P, D’, F from 4d°5p; *D, 'D from 4d%6s;*S and 'S, P’, D, F’, 
G from 4d°5d. The lowest term 'Sp is from the measurements of H. E White at Cornel! in the 
region 41100. There is evidence also for the structure 4d°5f. The intervals and g-values are 
very irregular. The ionization potential calculated from the two-member series of *D, levels 
is about 21.9 volts from 'So(d'°) to 2D3(d%). The limits calculated from the component series 
of *D, \D indicates a divergence from theory as in the analogous cases of Ni I, Cu II, Pd I 
The intervals of the pentad d°d also indicate a divergence. The ‘Sp term is at 39164 wave- 
numbers below *D;. This indicates that the hypothetical ?D(d°S*) of Ag I should have almost 
the same value as 2*P of that spectrum, which in part explains the low intensity of the lines 
in the spectrum which must be due to it. 


11. The arc spectrum of antimony. J.B. GREEN, Ohio State University, and R. A.LoRING, 
Northwestern University—McLennan and McLennan (Trans. R. S. Can. 21, 63 (1927)) have 
made a start at the analysis of the spectrum of Sb on the basis of the Hund theory. According 
to this the lowest levels should be due to the configuration s*p* (hereafter called the @ con- 
figuration) and are *S,’, 2D23’, ?Pj2. These levels have also been identified in all the other elements 
of this group. The 6 levels, due to s*p?- s should be ‘Pos , *P 12’, *Do, 2S;. Of these, only the first 
two terms have previously been identified. The c configuration, s*p?-d, should yield *(F’DP’), 
*(F’DP’), ?(GF’'DP’S), 2D. The d configuration gives *(D’P.S’)?, (D'PS'), *(FD’'P),?P. The 
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authors have been successful in assigning all the low levels of each of the configurations. 
In addition, a series of terms yields the value 67579 for a 4S,’ corresponding to an ionization 
potential of 8.35 volts. Ruark gives 8.5+1.0 volts. The Zeeman effect has been studied for all 
of the stronger lines in the region 2500-4033 and the g values of the terms computed. The g 
values do not agree with the theoretical values and not enough lines can be measured with 
sufficient accuracy to determine whether Pauli’s g sum rule is satisfied. A complete report of 
the work is now in press. 


FRIDAY EVENING AT 8 O’CLOCK 
Session of the Optical Society 
Room 301, Physics Laboratories, Columbia University 


The program on Friday evening will consist of two invited addresses as 
follows: 


1. Dr. W. F. G. SwAnn, BARTOL RESEARCH FOUNDATION 
“Recent Theories of the Atom.” 
2. PROFESSOR ALEXANDER KLEMIN, New YorK UNIVERSITY 


Demonstration of the Baron Sheba fast moving pictures. 
SATURDAY MORNING AT 10:10 O’CLOCK 


Bell Telephone Laboratories 
55 Bethune Street 


Joint Session of the American Physical Society and the Optical Society 
of America. 

At 11:30 o’clock there will be a Demonstration of Television under direc- 
tion of Dr. H. E. IvEs. 

Before the formal session opens there will be a demonstration in the 
auditorium of talking moving pictures beginning at 9:40 o’clock. 

The following papers from the program of the American Physical Society 
will be read, beginning at 10:10 o’clock: 


12. Recombination of atom ions and electrons. F. L. Mounier, Bureau of Standards. 
A thermionic discharge is maintained in caesium vapor with about 5 volts applied between a 
fine wire cathode and a cylindrical anode which completely incloses it. Relatively high ion 
and electron concentrations can thus be obtained and with currents greater than .1 amp. and 
vapor pressures above .1 mm the spectra show continuous bands extending from each series 
limit. A paper in press gives photographs and intensity measurements of these continuous 
spectra. Probe wire measurements have been made in a similar discharge and semilogarithmic 
plots of the electron current show that the electrons have a strictly random distribution of 
energy, with unusually low average energies, between .2 and .3 volts. Assuming that the 
continuous spectra are recombination spectra one can, on the basis of the intensity measure- 
ments and the known velocity distribution of electrons, compute relative values of the re- 
combination probability as a function of the electron speed, and of the absorption probability 
as a function of the frequency. The results of course apply to re- combination into a definite 
energy state or to absorption resulting in ionization of atoms initially in that state. 


13. Reflection of electrons by a crystal of nickel. C. J. Davisson and L. H. GERMER, 
Bell Telephone Laboratories, Inc-—A homogeneous beam of electrons is directed against a 
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face of a crystal of nickel cut parallel to a set of its {111} atom planes. The angle at which the 
beam meets the crystal surface can be varied. The angle of incidence is adjusted to a chosen 
value, and observations are made in the plane of incidence of the intensity of scattering as a 
function of direction and of bombarding potential. At certain critical speeds of bombardment 
a sharply defined beam of electrons issues from the crystal in the direction of regular reflection. 
When the angle of incidence is 10 degrees the regularly reflected beam appears for speeds cor- 
responding to 38, 70, 133, 210 and 320 volts. The values of the critical speeds increase as the 
angle of incidence is increased. The phenomenon is the analogue of the Bragg type of x-ray 
reflection with the incident beam exhibiting the properties of a beam of waves of wave-length 
inversely proportional to the speed of the electrons. The data cannot be used to calculate 
wave-lengths on account of the effect of the “spacing factor” of the crystal [Phys. Rev. 30, 
704 (1927) ] and because the elementary plane grating beam is of zero order. 


14. X-radiation from the impacts of electrons against gas atoms. WILLIAM DUANE, 
Harvard University.—In a paper presented to this Society last year I described experiments 
on the x-radiation produced by the impacts of electrons against atoms of mercury vapor. All 
the electrons had substantially the same velocity, and the radiation at right angles to the 
direction of motion of the impinging electrons (after it came through the window in the ap- 
paratus) appeared to have an average, or effective wave-length somewhat longer than the 
short wave-length limit given by the quantum equation. This paper describes further experi- 
ments on the radiation at right angles to the electron stream, in which thinner windows were 
used, and also experiments on the radiation projected from the impacts forward in the direction 
of motion of the electrons. The paper contains also a brief discussion of the degree of approxima- 
tion with which the results of the experiments can be explained by certain theories of the 
radiation coming from an electron as it approaches an atomic nucleus. 


15. The application of the phonodeik in determining the performance of electro-acoustic 
devices. Dayton C. MILLER and Jonn R. Martin, Case School of Applied Science.—The 
phonodeik gives a direct photographic record of a sound wave, as received by the ear. A 
sound reproduced by an electro-acoustic device may thus be compared directly with the original 
sound. A loud speaker is connected to the output of a transmitting system which may consist 
of a microphone and amplifier, and any sound energizing the microphone will be reproduced 
by the loud-speaker and is recorded by the phonodeik. The distortion introduced by the device, 
together with its associated electrical system, may thus be determined. This method has been 
used to study the frequency response of radio loud-speakers, microphones, electrical phono- 
graphic pick-ups, and amplifying systems. By replacing the loud-speaker with a vacuum- 
tube voltmeter, the distortion introduced by the electrical system may be determined. A 
vacuum-tube oscillator with a frequency range of 40 to 6000 may be used as an electrical source, 
the energy of the output being maintained constant, and the wave form being checked with an 
oscillograph. This output is used to actuate a loud speaker and the resulting sound is recorded 
on the phonodeik at the desired frequencies. The method is also applicable to the study of 
mechanical-acoustic devices. 


16. Extreme ultra-violet spectra excited by controlled electron impacts. K. T. Compron 
and J. C. Boyce, Princeton University —A vacuum spectrograph having some new features 
in design has been used in the study of the spectra of helium, neon, and argon in the wave- 
length region shorter than 1200A. Electrons from a Wehnelt cathode are accelerated by known 
voltages through a wire grid anode, beyond which they excite the gas. Fast pumps keep the 
pressure in the spectrograph at about 0.005 of that in the discharge tube, returning the gas to 
the discharge through a purifying tube. Spectra are photographed with the pressure in the 
discharge low enough that electrons in their path make on the average only one collision with a 
gas molecule, and that arcing is impossible. Exposures made at increasing voltages show 
successive stages of excitation and ionization brought about by single electron impacts, making 
the interpretation easier than that of those taken at higher pressures where cumulative ioniza- 
tion occurs. In helium ten members of the arc series have been observed from 584 to 507A and 
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five members of the spark series from 303 to 234A. In neon and argon the results of Dorgelo 
and Abbink have been generally confirmed and many additional lines have been observed. 


17. The spark spectra of neon and argon. H.N. Russet, K. T. Compton and J. C. 
Boyce, Princeton University.—With the vacuum spectrograph described in the previous 
communication, Neon II shows 15 new lines between 462 and 353A—all of which have been 
identified as combinations between a low ?P term of separation 782 frequency units, and higher 
doublet and quartet terms. Many still higher terms with the latter, giving multiplets in the 
visible and ultra-violet, some of which have been announced by de Bruin and Kichler. The 
corresponding electron configurations have been identified, and the ionization potential fixed 
at 40.9+0.05 volts. Argon II shows numerous lines between 932 and 487A. The low ?P 
term has in this case a separation of 1430—as suggested by Dorgelo and Abbink. The higher 
terms can be connected with the frequency differences observed in the blue spectrum by 
Paulson. The ionization potential appears to be not far from 27 volts, supporting the value 
obtained by Barton by the method of positive ray analysis. 


SATURDAY AFTERNOON AT 2 O’CLOCK 
Session of the Physical Society 


Room 301, Physics Laboratories, Columbia University 


18. On the time required for the photo-electric ejection of an electron by visible light. 
ErNEst O. LAWRENCE and J. W. Beams, Yale University.—We have already reported experi- 
ments (Phys. Rev. 29, 903, (1927)) which indicated that electrons are ejected from a potassium 
metal surface within 3(10-%) sec. Although the experimental observations were definite and 
reproducible, there existed several possible sources of systematic error. We have now completed 
a more detailed study of the ejection of electrons from a potassium hydride surface which has 
confirmed the conclusion that the photo-electric effect is instantaneous within 3(10~°) sec.— 
and which has eliminated the uncertainties of the earlier research. 


19. Photo-electric thresholds and fatigue for iron, cobalt, and nickel. GeorGE B. WELCH, 
Cornell University.—Preliminary measurements on samples of pure iron, cobalt, and nickel, 
with surfaces prepared in vacuum, show the photo-electric thresholds for these elements to be 
3150, 3150, and 3045A., respectively. With time there are small shifts of the thresholds towards 
shorter wave-lengths. All three elements show photo-electric fatigue. During the course of 
the experiments, the relation between the photo-electric current and the time is found to be 
i= Ct~*, where a@ is a quantity which depends upon the substance used and, for a given sub- 
stance, increases numerically as the threshold is approached. 


20. Heisenberg’s uncertainty relation and the motion of free particles. ARTHUR E. 
RuarK, Mellon Institute, University of Pittsburgh and Gulf Production Companies.—In 
the Nashville program, the author has earlier described (Proc. Am. Phys. Soc., Nashville 
meeting), an arrangement of apparatus which seemed to make possible simultaneous de- 
terminations of the coordinate g and the momentum > of a free particle, so accurately 
that Heisenberg’s relation Ag-Ap~h is violated. It was stated that the violation is only 
apparent because the precision of measurement of both p and gq is limited by statistical fluctua- 
tions in the measuring devices. Contrary to this view, the true reason for the validity of the 
principle is that slight velocity changes occur when the particle passes through a variable slit. 
The situation is analogous to the frequency changes of light due to modulation. (Breit, Ruark 
and Brickwedde, Phil. Mag., 3, 1306 (1927)). Of course, errors due to fluctuations of the measur- 
ing devices are also present. Even in the most favorable cases, they are such that Ag: Ap>>h. 
Further, the reaction of the measured object on the measuring device introduces an uncertainty 
similar to that discussed by Heisenberg. 
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21. A novel optical instrument: spectroscope used as color-filter for telescope. JoHN Q. 
STEwarT, Princeton University.—The slit of any spectroscope is removed from normal posi- 
tion, backed by a mirror, and substituted for the eyepiece of the view-telescope. A condensing 
lens, as usual, images an object in the focal plane of the collimator. A succession of overlapping 
images in light of neighboring wave-lengths is thus formed on the slit, after dispersion by 
prism or grating. The segment of mirror exposed behind the slit reflects back a different part 
of each image, in light of corresponding color; and thus a complete image of the original object 
is again formed in the focal plane of the collimator, but in light of a narrow range of wave- 
lengths, adjustable over the spectrum. A half-silvered mirror, or other means, forms this image 
off to one side; where it may be magnified by an eyepiece. Thus the original extended object 
is viewed in light of a narrow band of wave-lengths. This apparatus wae set up and tested in 
various forms, Mr. S. A. Korff assisting. With the help of Mr. J. Bucher the same principle 
was found to give practicable means of color-photography without the use of colored screens— 
the camera being used, reversed, to view the plate. 


22. An afterglow spectrum of argon. Cart Kenty and Louis A. Turner, Princeton 
University.—Using a rapidly rotating sectored disc and commutator the arc spectrum of argon 
is found to persist approximately 0.001 sec. after an arc of 0.5 amp. in pure argon at 0.5 mm 
pressure is cut off. This spectrum is not caused by direct excitation by electrons since the D 
lines which are strong in the arc itself are absent in the afterglow. Sodium vapor from a properly 
impregnated oxide cathode is always present. Dropping the voltage to 4-11 volts instead of 
to zero in the off period brings out the D lines in the afterglow and shortens its duration. 
Reverse potentials up to 45 volts have no effect. Comparison of photographs of the spectra of 
the afterglow and of the arc show that, in the afterglow, lines involving jumps from high s 
and d states to the 2p states are much stronger with respect to 1s—3~ lines than in the arc. 
The absence of the D lines, the relative enhancement of lines involving high energy levels and 
the shortening of the duration of the afterglow by electrons suggest the hypothesis that the 
afterglow spectrum results from recombination. A search is being made for continuous spectra 
which would probably accompany recombination. 


23. The optical dissociation of iodine vapor. Louis A. TuRNER, Princeton University. 

A cell containing iodine vapor at 18°C absorbs the light of the iodine emission line of wave- 
length 1830.4A more strongly when illuminated by concentrated light from a carbon arc than 
when not so illuminated. The line at 1844.5 does not show this effect. The increased absorption 
is attributed to iodine atoms resulting from the optical dissociation of molecules by the light 
of the arc. Franck suggested that such a dissociation was connected with the continuous 
absorption of iodine on the short wave-length side of the convergence limit of the absorption 
bands. The idea was supported by Dymond’s experiments on fluorescence, and by the cor- 
rectness of the value of the heat of dissociation calculated on the basis of this theory. The 
present experiment gives.a direct indication of the presence of the atoms. The 1830.4 line 
is very probably the a?P;—k*P; line, the one of longest wave-length which is emitted as a result 
of a transition to the ground state (?P2). 


24. The absorption and fluorescence of a mixture of mercury and zinc vapors. J. G. 
Winans, National Research Fellow, Princeton University.—It was observed that light from 
the aluminum spark of wave-length below 2000 excited vapor distilling from slightly amalga- 
mated zinc, causing the emission of the first triplet of the sharp series of zinc; but excited neither 
the non-distilling vapor nor that distilling from pure zinc. Vapor distilling from the same kind 
of mercury zinc mixture showed a continuous absorption, especially strong for wave-lengths 
below 1860 and extending to 2050. The non-distilling vapor (zinc vapor pressure 37.0 mm) 
absorbed Hg 1849, width 5A; Zn 2138, width 91A; Hg 2536 and Cd 2288, both narrow; and 
two unaccounted for bands at 2068, width 7A; and 2001, width 7A. These observations are 
explained by assuming that HgZn distills from the zinc amalgum and is dissociated into an 
excited zinc atom in the 2°S state and a normal mercury atom upon absorption of light of wave- 
length below 1860. Assuming a very small heat of dissociation, the minimum energy for this 
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process is 6.62 volts, corresponding to a wave length of 1861. The absorption of mercury alone 
under like conditions was different and appeared the same for distilling and non-distilling vapor. 


25. Theory of the excitation of spectra by atomic hydrogen. JosepH KapLan, National 
Research Fellow, Princeton University. (Introduced by H. D. Smyth).—An explanation is 
proposed for the results of Bonhoeffer and of Mohler on the excitation of spectra by atomic 
hydrogen. The theories advanced by these authors do not completely explain the experimental 
results. The theory presented here is based on the hypothesis that in a three-body collision 
two hydrogen atoms can be bound to form a molecule in any one of the vibration states of its 
normal electronic level. We make use of the principle, used in collisions of the second kind, 
that the probability of excitation increases as the energy of the exciting body and the energy 
necessary for excitation approach each other. This is done by postulating that the probabliity 
of the excitation of the third body is greater, the nearer the energy required is to the difference 
between the energy of recombination and the energy retained by the hydrogen molecule in 
one of its vibration states. The theory has been applied successfully to the excitation of Na, 
K, Cd, Zn, Cs and Mg by atomic hydrogen. The excitation of the 2537 line of mercury, which 
requires more energy than that available from recombination, is explained on the basis of 
Bonhoeffer’s observations. 


26. Certain characteristics of the spectra of mercury at the higher radiating potentials. 
L. R. MAXWELL, National Research Fellow, Bartol Research Foundation.—Electrons in mer- 
cury vapor with velocities greater than 150 volts were confined in a beam by a magnetic field. 
Perpendicular to the beam an electric field withdrew positive ions before they recombined. 
The arc lines emitted showed no increase in density on removing the electric field. This indi- 
cates that recombination contributes very little to the production of these lines which is 
contrary to the explanation given for the complete arc spectrum appearing above the ionization 
potential. Consequently the arc spectrum is explained in the following two ways: (1) as being 
due to inward transitions of one or both of the valence electrons after being removed to outer 
orbits, (2) due to the return to the 11S state by an electron which has been displaced from a 
soft x-ray level to a virtual orbit, while simultaneously a valence electron falls in to fill the 
vacancy of the inner level. Resonance radiation exists for lines produced by transitions ending 
in the 14S, 23P», 2°P; and 25P. states, but much less for those terminating in the 2'P state. 
Several spark lines due to Hg** appear unique in that they show a distinct shift in the direction 
of motion of the positive ions. This presents a new method for distinguishing this type of 
spectrum. 


27. Photographic determination of the temperature of the tungsten cathode in the electric 
arc. Ernst K. G. STUECKELBERG, Princeton University—By means of the blackening of a 
photographic plate, the value and distribution of the cathode temperature of a tungsten arc 
in nitrogen were measured. As a fixed point for the scale the black temperature of the carbon 
arc anode was taken. Its value was found by Henning and Heuse to be 3700°K. The emission 
power for tungsten was taken from Zwikker. The arc burned in carefully purified nitrogen 
between small spheres of tungsten (diameter 0.18 to 0.29 cm) on wires. The true temperature 
was found to have a uniform value over the sphere, independent of pressure and varied between 
2600 to 3300°K. The current-density was therefore also supposed to have a uniform value 
over the sphere. (The current was varied from 0.25 to 6.0 amp.). Plotting the log of the current 
against the reciprocal temperature, straight lines were found parallel to the curve of thermionic 
emission for tungsten. For a given current, as the cathode surface was increased, the tempera- 
ture dropped according to the emission law. As the temperature gradient along the wire was 
photographically measured, the loss of energy of the cathode by conduction, radiation and 
electron emission could be calculated. (This work was done at the University of Basle). 


28. The relation between arc stream dimensions and light intensity. W. B. NoTTINGHAM, 
Bartol Research Foundation.—The three regions of electric arc discharge are (1) the positively 
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charged cathode space, (2) the negatively charged anode space, (3) the arc stream with zero 
space charge. If the average electrical field along the direction of the arc axis is assumed to be 
uniform, as indicated by experiment, the average number of electrons per unit volume would 
be proportional to the average current density crossing a surface perpendicular to the arc’s 
axis. Light given off the arc stream due to single impacts of electrons on neutral atoms should 
be /; =ai, and due to double impacts /,=67?. (/=measured light per unit volume; i = measured 
average current density; a and 6 constants). If the slope of the curve “log /” versus “log i” is 
1.0 or 2.0, light production by single or double impacts respectively would be indicated. 


RESULTS OBTAINED 


Metal Atmosphere Impacts Remarks 
Cadmium Argon Double Current 1.0 and 2.0 amp. 
Cadmium Argon Combination Current 4 amp. 
Copper Air Combination Green lines, 8 amp. 

3000 amp./cm.? = Current density at cathode 

Copper Air Single Blue lines, 8 amp. 
Tungsten Air Single Blue lines 
Carbon Air Indeterminate 4216 cyanogen bands 


SATURDAY AFTERNOON AT 2 O’CLOCK 
Session of the Physical Society 
Room 328, Physics Laboratories, Columbia University 


29. Effect of an interfering tone upon the hearing of a normal and a deafened ear. JOHN 
GuTTMAN, New York Post Graduate Medical School and L. B. Ham, Washington Square 
College, New York University.—Two audible frequency oscilators were connected to a common 
telephone receiver so that one or two tones could be introduced into the ear. Energy of a 
given frequency from the first oscillator was increased to threshold intensity. Then an inter- 
fering tone of 50 transmission units (T. U.) above threshold for the person examined was 
introduced by the second oscillator which suppressed the first tone so that its intensity had to 
be increased for new threshold. Magnitude of the suppression was measured in T. U. also, and 
plotted against frequencies of the first oscillator. Preliminary experiments show that a given 
relative increase of energy produces in a deafened ear a greater hearing sensation than in a 
normal ear in the presence of an interfering tone whose multiple energy value above threshold 
is the same for every person. Artificial deafening with oils produced similar results. Indications 
are that, for the same degree of deafness, the effect noted depends upon the type of deafness. 
Resultant curves are shown. 


30. Experiments on audition by bone conduction. C. E. DEAN, Johns Hopkins University. 
—Bone conduction is a term used by otologists to designate audition due to vibration of the 
skull. Special telephone receivers to produce this vibration and other equipment from the 
Bell Telephone Laboratories were used. By a second person listening with a stethoscope for 
minimum sensation, a standard amplitude of skull vibration may be established. In this way 
the bone conduction produced by ordinary telephone receivers was found to be negligible except 
for cases of considerable dea ness. Beats between two bone conduction stimuli are heard, and 
between ordinary and bone conduction stimuli if both reach one ear. The difference in effect 
at the near and far sides of the head, of a bone conduction stimulus applied on one side was 
measured from 362 to 2048 cycles for two cases in which the auditory nerve had been cut on 
one side, and was found to be small, averaging 4 T. U., or an amplitude ratio of 10°°*=0.6. 
For this reason noise in the opposite ear should be used in all examinations of bone conduction 
sensitivity. It is also important that calibrations and tests be made in a silent place. An expla- 
nation was found of the frequent cases in which all bone conduction sensations seem in one ear. 


18 














31. The vibrations of tuning-forks. ELmMer H. HARRINGTON, Bureau of Standards.— 
A study of the energy dissipated by frictional and viscous forces in tuning-forks. Two elec- 
trically-driven tuning-forks were used: (1) an ordinary fork, (2) a fork made by clamping two 
steel bars, with a rectangular block between them, in a vise so that practically no energy was 
expended in moving the stand. The following properties were investigated: (1) the logarithmic 
decrement, and the effect on the logarithmic decrement of damping due to vanes at the ends 
of the prongs; (2) the relation between the current driving a fork and the deflections of the 
prongs produced, both for steady and resonant deflections; (3) the equivalent length of a 
rigid straight bar turning through the same angle as the tangent at the end of the prongs; (4) 
the energy due to emission of sound, and the energy dissipated by internal friction. It was found 
that: (1) the change in the logarithmic decrement was roughly proportional to the area; (2) 
the deflections of the prongs were proportional to the square of the current; (3) a straight bar 
74% of the length of the prong is approximately the equivalent length; (4) about 3.5 % of the 
total energy is converted into sound, while nearly all of the remainder is expended in over- 
coming internal friction. 


32. Internal friction in metals. R. H. CANFIELD, Johns Hopkins University.—A tubular 
spec men of metal is used as the elastic control of a heavy metal pendulum which is set into 
forced vibrations by electro-magnetic forces. The mode of yibration is either torsional or 
transverse, so that the internal friction is determined for two types of stress; the principle 
being analogous to Searles’ method of determining elastic constants. Observations are made 
on the maximum amplitude (peak of the resonance curve) from which the friction constants 
are easily deduced. Logarithmic decrement observations can be made, and agree with the 
results of the other method. The phase of the vibration relative to the impressed forces can be 
determined and leads to Kimball’s conclusion that the dissipative stresses are non-viscous. 
Preliminary results show two definite discontinuities in the relation between dissipated energy 
and stress amplitude, of which one depends on the mechanical history of the specimen, and the 
other is independent of it. 


33. Friction and frictional torque in gyroscopic motion. R. C. CoLWELL, West Virginia 
University.—When a rotating top is hung upon two inclined rods the friction at the points of 
suspension will start and stop the precession in such a way that the top will walk down the 
rods. The equations are developed for this motion. In a suitably mounted top the frictional 
torque will cause the top to rotate rapidly about its point of support. The precession of the 
top may then be made to act with or against the motion due to friction, so that this top will 
automatically reverse its direction of spin. 


34. Motion of the ball on a bowling alley. L. W. Taytor, Oberlin College.—This is an 
experimental study of the motion of the ball on a bowling alley. A recording device registers to 
hundredths of a second the times of passage of the ball through successive half-meter intervals. 
Initial velocity is rendered reproducible by launching the ball with a catapult, in place oi 
doing it by hand. Systematic deviations from the behavior prescribed by the simple theory are 
found, which indicate that the coefficient of friction is a function of the velocity. The results 
of the experiment suggest a general form for this function. 


35. The effect of heat treatment of bismuth in the Hall effect. PALMER H. CraiG, Premier 
Laboratory Company.—Investigation of the initial heat treatment of bismuth plates used in 
the Hall Effect shows that cast plates prepared by very rapid cooling exhibit abnormalities 
which do not occur in plates prepared by annealing. The high values of the Hall coefficient 
previously reported in bismuth at low magnetic field strengths were confirmed in plates very 
rapidly cooled, but the shape of the Hall coefficient-field strength curve was found to be much 
more regular for slowly cooled, cast bismuth plates, as reported by C. W. Heaps. Similar 
results were obtained using alternating current, and graphs obtained from experiments on 
rectification of alternating current by the Hall Effect indicate a possible empirical formula for 
such cases. 
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36. Thermoluminescence excited by Coolidge cathode rays. FrANces G. Wick and 
Epna CarTER, Vassar College.—Specimens of powdered calcite, fluorite and magnesium sul- 
phate containing a small amount of manganese, exposed to the powerful stream of cathode rays 
outside of the metallic window of the Coolidge tube showed brilliant thermoluminescence when 
heated to a relatively low temperature. The exposures were made in the General Electric 
laboratory at Schenectady with the generous co-operation of Dr. W. D. Coolidge and the 
assistance of Dr. Moore. The specimens were immediately put into liquid air and kept at this 
low temperature until the observations could be made at Vassar College. Photometric obser- 
vations of maximum brightness and rate of decay of thermoluminescence were made with 
variation in (1) time of exposure, (2) temperature of exposure, (3) voltage on the cathode ray 
tube during exposure, (4) temperature of observation. The effect of cathode rays is similar 
to that of exposure to x-rays but there are some differences. Cathode rays produce a more 
intense thermoluminescence which appears at a lower temperature and the effect is more per- 
manent than that due to x-rays. Saturation is produced in 10 seconds by cathode rays in 
specimens which it takes one hour to saturate by exposure to x-rays under the conditions 
previously described by Wick and Slattery. 


37. Evidence obtained by x-ray analysis of films of iron in magnetic fields as to the 
ultimate nature of magnetism. T. D. YENSEN, Westinghouse El. and Mfg. Co., East Pitts- 
burgh.—The results of K. T. Compton and Trousdale, (1915) and of A. H. Compton and 
Rogniey (1918-1920) showed that there is no change in the crystal structure of single crystals 
of magnetite and hemetite when subjected to strong magnetic fields. In the present investi- 
gation films of electrolytic iron were analyzed by x-rays to determine whether there is any 
change in the random orientation of the minute crystals (of the order of 150A) found in these 
films when subjected to strong magnetic fields (up to 2600 gauss). If so, the uniform circular 
diffraction patterns resulting from the randomly oriented crystals should be changed to show 
greater density along one diameter than along the other, perpendicular to it, due to the pre- 
ferred orientation. The circles were analyzed microphotometrically and the results indicate 
no change in the orientation. The average of all the measurements is a ratio of the intensities 
along the two diameters of 1.00+.08, the variation being attributed to incidental sources 
arising from the developing and handling of the film. The conclusion, therefore, is that the 
most minute crystal aggregates in iron are not oriented in a magnetic field and lends strength 
to the previous conclusion in regard to the ultimate nature of magnetism, namely, that the 
magneton is an atomic property. 


38. An apparatus for the measurement of radiation intensity over a wide range of wave- 
lengths (0.02-3A.). Orto GLAssER and V. B. Serrz, Cleveland Clinic Foundation.—The 
instrument consists of, (1) a condenser attached to an ionization chamber, and (2) an improved 
type of string electrometer with static charger. The procedure is as follows: The condenser 
unit is electrically connected with the electrometer unit and the whole system charged to a 
known potential. The condenser unit is then removed and placed together with the ionization 
chamber in the field of radiation to be measured. After exposure for a specified time it is again 
returned to the electrometer and the loss of charge read. In order to prevent any radiation 
from affecting the charge in the condenser unit other than that at the ionization chamber, a 
solid dielectric completely surrounds the charged part of the system thus dispensing with lead. 
In order to obtain protection at the point where electrical connection is made between the two 
units, a mechanically operated cover of dielectric is incorporated in the form of a switch. loniza- 
tion chambers of a material with an effective atomic number equivalent to that of atmospheric 
air are used and range in size from 1/50 c.c. up. Radiation intensities are measured in R units 
for the range of wave-length from 0.02 to 3A. This complete range is covered with but one 
change in the ionization chamber. 


39. Intensity of reflected x-rays and the distribution of electrons in crystals. G.E. M. 
JaunceEy, and W. D. CLaus, Washington University.—Williams (Phil. Mag., 2, 657 (1926)) 
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and Jauncey (Phys. Rev., 29, 757 (1927)) have suggested that the intensity of x-rays reflected 
by a crystal is less than that on the classical theory, due to the modified scattering taking place 
at the expense of regular reflection. Havighurst (Phys. Rev., 31, 16 (1928)) takes issue with 
Williams and Jauncey. The present paper is a reply to Havighurst. By trial a reasonable 
Bohr model of the chlorine ion has been found which gives F values, calculated in accordance 
with Jauncey’s theory, at all angles in good agreement with the experimental values. When a 
Fourier analysis is applied to the theoretical F values an electron distribution (or U) curve is 
obtained which is similar to that obtained from experimental F values. The areas under the 
theoretical and experimental U curves are 17.5 and 17.85 electrons respectively for a grating 
space of 3.1A. Yet our theoretical U curve gives no particular information about the model 
from which it is derived. This is because the Fourier analysis is invalid since the number of 
diffracting centers does not remain constant as the angle of reflection is varied. 


The following papers will be read by title. 


40. Quantum mechanics of the rotational distortion of multiplets in molecular spectra. 
J. H. Van Vieck and E. L. Hit, University of Minnesota.—A formula is derived with the 
new quantum mechanics for the rotational distortion of the multiplets in molecular spectra 
which are due to different orientations of the axis of the electrons’ internal spin. This problem 
was formulated and treated by Kemble with the old quantum theory (Phys. Rev. 30, 387, 
(1927)). Our solution is obtained as a determinant which yields an algebraic equation for the 
‘energy W of the same order as the multiplicivy. For the doublet case this gives the simple 
formula 

W =[(j+3)?—o2—$4 ((f+4)* +[A*Po 2 —2AI0,7))"?]e2/807L 

where j, ox, J, have their usual significance and A o,h?/4x? is the doublet interval in the absence 
of rotation. Hund’s cases (a) and (b) correspond respectively to J/A=0 and A=0. The 
adiabatic correlation of energy levels between (a) and (b) in the above formula is precisely 
that predicted by Hund and Kemble, including the anomalous behaviour of the component 
j=o.—} in “regular” multiplets (A >0). Work is in progress on the derivation of intensity and 
Zeeman effect formulae applicable, like the above energy equation, throughout the range from 
case (a) to case (b). 


41. The second order Zeeman effect in the new quantum mechanics. E. L. Hitt and 
J. H. VAN VLEck, University of Minnesota.—The formula for the Zeeman effect in atomic 
spectra has usually been calculated in the new machanics only to linear terms in the magnetic 
field, except for the doublet case where Heisenberg and Jordan have shown that Voigt’s formula 
is valid. Landé (Zeits. f. Phys. 30, p. 339, 1924) has calculated in the old theory the term in 
H? for any multiplicity and we have done likewise in the new mechanics. The resulting equation 
1S: 

W =WotQhgm-+ (oPh?/16)[F( j)/(W j—W ja) +F(G+1)/(Wi— Winn) 4+ °° °° 

where F(j) = [(s+k+1)?—j?][j2?—(s—k)*][j2-—m?]/72(-4)(G+4) and where Q=He/4xyc; and 
W; is the energy for a state of inner quantum number j for H=0. Besides the above term in H? 
due to the interaction of the anomalous spin magnetic moment with the field, there is another 
term in H? which is related to the diamagnetic effect (proportional to R*). The formula for this 
term has also beer obtained. 


42. Theory of the magnetic nature of gravity and Newton’s laws. CorNELIO L. SaGut, 
Castelnuovo dei Sabbioni, Arezzo, Italy.—As in a gravitational field the magnetic quanta of 
two electromagnetic fields spacially superposed, with one lagging behind the other, react 
elastically upon each other in such a way that those advancing meet those returning. The latter 
would be pushed farther away and the former would recede, and different magnetic densities 
would result. An electron would result as an assembly of a large number of elementary electro- 
magnetic fields (energy-wave) with a gravitational atmosphere (gravity-wave). The repelling 
forces are explained and radiation connected with the oscillation of electrons between attractive 
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and repelling forces. Again high-frequency spectra would be due to oscillating helium atoms 
and hydrogen molecules within the atom. A magnetic wave would be an atomic asymmetry. 
A star may possess a movement, due to an asymmetry of its gravitational field, towards its 
less gravitational density. The equilibrium would be reached after a sufficient crowding up of 
magnetic quanta by velocity on the side of less density. The Newtonian laws are investigated 
from this viewpoint by considering the magnetic depression which I have supposed to be formed 
between two bodies in order to explain attraction. 


43. Doublet separation of Balmer lines and the molecule cf hydrogen in relation to the 
electromagnetic quantum theory. CorNELIO L. SaGur, Castelnuova dei Sabbioni, Arrezzo, 
Italy.—Doublet separation of Balmer lines of hydrogen is calculated from the point of view of 
the electromagnetic quantum theory and good agreement found. From the view point of the 
same theory the continous spectrum was considered as formed by oscillations of electromagnetic 
quanta within an electron and reasons give as to its intensity variation as a function of the 
atomic number of the anticathode material and of the second power of the voltage applied. 
The formation of hydrogen molecules was also investigated. Two atoms of hydrogen would 
unite by penetrating one another to a certain extent in agreement with the general equilibrium 
of the new system formed. It is shown how combination lines may be thus formed and how the 
Lyman ultra-violet spectrum may be formed. The infra-red spectrum was also studied, and 
it is supposed that many of its lines are due to a general shrinkage of the energy levels of the 
atom since the attractive forces of the molecule are larger than those of a single atom. 





